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Abstract: Synchronous reluctance machines are promising electric machines for energy savings. 
Several papers in past describe analytical approach and general recommendation for design of syn-
chronous reluctance machine. However even with taking these recommendation into account the 
best design can be hardly reach. This article deals with computer aided rotor design of such a ma-
chine. Designed machine is also fabricated and measured performance is compared with simulated 
one by using 2D finite element analysis  
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1. INTRODUCTION 
The first reluctance machine has been developed in 1920 but due to its low efficiency and poor 
torque characteristic it has not been further innovated for industrial purpose. These machines have 
found application mainly as drives for disks, tapes and printing heads. Interest about synchronous 
reluctance machines having the same stator construction as induction machine can be dated to 
1960. In the last years with technological development in power converters and with increasing 
requirements for saving of electrical energy these machines had become more interesting for in-
dustrial manufacturers. Conventional induction motors are still one of the least expensive industrial 
machines, but their further development is quite challenging. Due to that synchronous reluctance 
motors can in the future replace in some applications induction machine, at least as controlled drive 
systems. In this paper design of transverse-laminated rotor is discussed. This is due to better 
structure of this rotor for industrial production. 
2. COMPUTER AIDED ROTOR DESIGN 
The main goal is to design synchronous reluctance machine with low torque ripple and high 
average value of torque. The paper [1] describes analytical equations and general recommendations 
for design of low torque ripple synchronous reluctance machine. However even with taking those 
recommendation into account the best design can be hardly reach. In this paper whole design pro-
cess is carried out by computer. For this purpose genetic algorithm is used. Genetic algorithm with 
respect to goal parameters is used for optimal design searching.  
For simplification of the design process stator is taken from standard 2.2 kW cage induction ma-
chine (referred as initial induction machine in further text). Since assumed stator has 36 slots only 
four barriers in rotor structure are consider. This is based on [1]. For purpose of optimization fully 
parametrical model of synchronous reluctance rotor for Ansys Maxwell has been created. Rotor 
geometries realized by parametrical models of barriers Fig. 1c, 1d, 1e are shown in Fig. 1a, 1b. 
As has already been stated optimization is performed by using genetic algorithm. The algorithm 
and generally concepts of optimization are briefly described in [2]. Whole optimization process is 
carried out in Ansys Maxwell. Optimization goals are average value of torque 20 Nm and torque 
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ripple 10 %. The weight coefficients are chosen to give a higher priority to optimization of torque 
ripple. The corresponding objective function is entered into Ansys Maxwell. 
During optimization the dimensions of parametric model Fig. 1c, 1d, 1e are change (Rotor dimen-
sions before optimization are chosen according to design recommendation given in [1]). Difference 
before and after optimization can be seen at Fig. 2. The optimization results for observed parame-
ters are shown in Table 1. Parameters before optimization are also included and marked as “Orig”.  
By comparing values before and after optimization it can be concluded that optimization lead to 
some reduction of average torque, as well as significant reduction of the torque ripple. 
   
(a) (b) 
   
c) (d) (e) 
Figure 1: Transverse-laminated rotor a) referred as angular b) referred as round c) d) e) drawings of 
rotor parametrical models  
  
(a) (b) 
Figure 2: a) Initial round rotor geometry (dashed line) and refined by GA (solid line) b) Initial angu-
lar rotor geometry (dashed line) and refined by GA (solid line) 
Rotor type  Average torque (Nm) Torque ripple (%) 
Round 
Orig 17.22 13.02 
Opti 17.20 9.48 
Angular 
Orig 17.16 15.20 
Opti 16.85 7.06 
Table 1: Comparison of parameters before and after optimization for load angle 55 el. Deg. 
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3. MECHANICAL DESIGN CONSIDERATION 
Mechanical design of electric machine mainly consists of design of shaft, bearings, frame and rotor 
with respect to critical speed and centrifugal forces. Only rotor mechanical design remaining since 
others mechanical design aspects are already given by construction of initial induction machine. 
Mechanical design is focusing on calculation of mechanical stress in the rotor structure for nominal 
speed. It is necessary to include a narrow bridges that guarantee the mechanical strength of the de-
signed rotor structure. Mechanical calculation are carried out by finite element analysis in Au-
todesk Inventor 2012.  
  
(a) (b) 
Figure 3: Demonstration of calculated stress and relative elongation in angular rotor type with four 
interconnected segments at rotation speed 2250 rpm (steel M530-50A is considered) 
It has been found that bridges significantly increased the rotor mechanical strength. Maximum va-
lues of Von Mises Stress for different number of interconnected segments are listed in tab. 2. It can 
be seen from tab. 2 that number of interconnected segments should correspond to maximum rotor 
speed with respect to yield strength of used material. From the electromagnetic point of view it has 
been found that application of thin bridges and small number of interconnected segments by brid-
ges is most advantageous.  
Table 2: Comparison of parameters before and after optimization for load angle 55 el. Deg. 
4. ANALYSIS AND MEASUREMENT RESULTS COMPARISON 
Optimized angular rotor type has been chosen for manufacture. The original rotor of 2.2 kW in-
duction machine has been replaced by assembled transverse-laminated rotor. Some basic measure-
ments on such manufactured motor has been made and compared by simulation results. Simulation 
results are obtained by finite element method calculations carried out by Ansys Maxwell. 
In Fig. 4c measured load characteristics and calculated by finite element analysis are compared. In  
Fig. 4d, the measured dependences of direct and quadrate axis reactances are shown. There is some 
difference between calculated and measured values, this might be caused by manufacturing techno-
logy of the rotor, since laser technology is used [3]. Calculated by finite element analysis depen-
dences are marked as FEA. Measurement results during the no-load condition are shown in Fig. 4e. 
The synchronous reluctance machine becomes unstable below the 80% of rated voltage. Calculated 
direct axis reactances from no-load characteristics are also shown in Fig. 4e. These reactances are 
calculated according to [4] by following equation 
 
Speed 
[rpm] 
Number of interconnected segments 
2 3 4 5 
Maximum value of Von Mises Stress [MPa] 
1500 144,7 74,79 68,3 76.3 
2250 325,7 168,3 153,7 171.7 
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where U0 is phase voltage, I0 is phase current and cosφ0 is power factor. Loss distribution compa-
rison for no-load condition is shown in Fig. 4f. It can be expected that iron and stator resistive los-
ses are also higher than initial induction machine one during rated load condition. Higher efficiency 
of synchronous reluctance machine is then achieved by elimination of rotor resistive losses which 
are always present in induction machine. 
  
(a) (b) 
  
(c) (d) 
  
(e) (f) 
Figure 4: a) Assembly of manufactured transvere-laminated rotor core b) Synchronous reluctance 
machine after assembly c) Load characteristics d) The dependency of synchronous reactance on d and  
q-axis currents e) No-load characteristics f)  Loss distribution comparison for no-load condition 
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Finally comparison of induction machine with designed synchronous reluctance machine for rated 
load condition is shown in Table 3. Used power supply of observed machines is given in brackets 
in Table. 3. Designed synchronous reluctance machine have poorer power factor than initial in-
duction machine. This is caused by inaccuracy during the manufacturing process when the air gap 
of reluctance machine is somehow larger than induction machine one. Larger air gap influence has 
been taken into account in presented results in Fig. 4. Expected power factor for case when the air 
gap is the same as in induction machine is 0.77 (value is obtained by finite element analysis). De-
signed synchronous reluctance machine is better than initial induction machine from efficiency 
point of view.  
 
Initial induction machine 
(Power grid) 
Synchronous reluctance machine 
(Frequency converter) 
Total spectrum 1
st
 harmonic 
Voltage [V] 400 436 390 
Stator current [A] 4,4 5,23 5,22 
Power factor [-] 0,83 0,62 0,7 
Efficiency [%] 86,7 89 89 
Table 3: Initial induction machine comparison with designed synchronous reluctance machine for 
output power 2.2 kW 
5. CONCLUSION 
Created parametrical models of transverse-laminated rotor allow computer aided design by using 
optimization algorithm. The optimization is focused on increasing average value of torque and 
torque ripple reduction, which has a major impact on the losses in the rotor core. The optimized 
geometry compared with analytically designed geometries have lower torque ripple, in some cases 
up to 50%. More sophisticated optimized design can be reached by modification of parametrical 
models in future.  
Designed machine has been fabricated for purpose of simulation validation. By measurement on 
motor prototype has been found some differences between expected and calculated performance of 
machine. It is assumed that these differences are caused by used technology of manufacturing pro-
cess. Nevertheless higher efficiency with synchronous reluctance machine than initial induction 
machine has been reached. Still the advantage of synchronous reluctance machine over the initial 
induction machine is questionable. Main disadvantage of synchronous reluctance machine is poor 
power factor. Due to that fact more current is consumed by synchronous reluctance machine. 
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